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ABSTRACT 



A display apparatus according to our invention comprises a 
mult^licity of nominally identical smart pixels, a given 
pixel comprising an organic light emitting diode and an 
organic or inorganic (e.g., amorphous or polycrystalline Si) 
pixel FET. The display also comprises drive/compensation 
circuitry adapted for mitigating or eliminating non-idealities 
associated with the organic components. Among the non- 
idealities are variations in mobility and/or threshold voltage 
of the pixel FET from transistor to transistor, change in 
mobility and/or threshold voltage with time in a given pixel 
FET, change over lime of the LED characteristics, capacitive 
signal feed-through through the gate insulator of the pixel 
FETs by short rise/fall time pulses, poor on-ofif ratio of the 
pixel FET, and charge leakage through the gate dielectric. 
Exemplary drive/compensation circuitry is disclosed. 

16 Clahns, 7 Drawing Sheets 
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DISPLAY COMPRISING ORGANIC SMART 
PIXELS 

HELD OF THE INVENTION 

This invention pertains to active matrix displays compris- 
ing organic light emitting elements. 

BACKGROUND OF THE INVENTION 

Displays that comprise smart pixels are known. Typically, 
a smart pixel comprises a light-emissive element and a 
circuit that comprises one or more field effect transistors 
(KETs) which driven/switches the emissive element. Agiven 
pixel typically is addressed by several conductor lines which 
typically are connected to peripherally di^osed drive cir- 
cuitry. 

Recently organic light emissive elements (typically 
organic light emitting diodes; see, for instance, A. 
Dodabalapur, Solid State Communication, Vol. 102, No. 
2-3, pp. 259-267, 1997) have been disclosed, and have been 
proposed for use in displays. See, for instance, M. K. Hatalis 
et 2iU Proceedings of the SPIE, 3057, p. 277 (1997), and C. 
C. Wu el al., IEEE Electron Device Letters, Vol. 18, p. 609 
(1997). The references disclose smart pixels with organic 
light emitting diodes (LEDs) and field effect transistors 
(FETs) with, respectively, polycrystalline and amorphous Si 
active channel material. 

Furthermore, displays that comprise organic smart pixels 
have also been proposed. See, for instance, Dodabalapur et 
al. Applied Physics Letters, Vol. 73(2), July 1998, pp. 
142-144, and U. S. patent application Ser. No. 09/087,201, 
filed May 29, 1998 by Bao et al See also H. Sirringhaus et 
al.. Science, Vol. 280, page 1741, Jun, 12, 1998. In such a 
display, a given pixel not only comprises an organic light 
emitting diode (LED) but also one or more organic pixel 
FETs. 

Active matrix displays with organic LEDs and organic 
pixel transistors potentially have significant advantages, 
e.g., low cost and compaul>ility with flexible plastic sub- 
strates. 

We have come to realize that components such as organic 
LEDs and organic pixel FETs firequendy exhibit certain 
limitations and/or non-ideal characteristics (collectively 
"non-idealities") that can adversely affect the performance 
of otherwise potentially excellent displays. 

For instance, we have discovered that charge carrier 
mobility and/or threshold voltage of organic LEDs fre- 
quently change slowly with time, that charge carrier mobil- 
ity and/or threshold voltage of organic FETs frequently vary 
from FET to FET, and that organic pixel FETs frequently are 
subject to capacitive signal feedthrough through the gate 
insulator and to charge leakage because of standby currents 
when U-ansistors are off. These and other non-idealities can 
result in displays wit h_significant b rightness variationsjgd/ 
or other shortcomings. Such variations will Crequently be 
unacceptable, especially in view of the known sensitivity of 
the human eye to brightness variations. FETs with polycrys- 
talline or amorphous Si active channel material also fre- 
quently exhibit non-idealities. 

In view of the potential advantages of active matrix 
displays with organic smart pixels, it would be highly 
desirable if at least some of the non-idealities could be 
mitigated or eliminated. This application discloses some 
significant non-idealities, and also discloses means for over- 
coming them. 

Tbe following U. S. patents and applications pertain to 
related subject matter: U.S. Pat. Nos. 5,405,710; 5,478,658; 
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5^74,291; 5.625.199; and 5.596.208; appUcation Ser. No. 
08/441,142, filed May 15. 1995 by Dodabalapur et al; 
application Ser. No. 09/087,201, filed May 29, 1998 by Bao 
et al; and application Ser. No. 09/137,920, filed Aug. 20. 
5 1998 by Dodabalapur. 

All references that are cited herein are incorporated herein 
by lefieience. 

SUMMARY OF THE INVENTION 

10 In a broad aspect the instant invention is embodied in an 
active matrix display wherein a given pixel comprises at 
least one organic component, typically an organic LED. The 
pixel typically further comprises at least one organic or 
Si-based pixel FET (e.g., polycrystalline Si FET or amor- 

15 phous Si FET). Associated with the presence in the pixel of 
one or more orgam'c, polycrystalline Si or amorphous Si 
components are some non-idealities. 

There are at least two types of non-idealities. One type is 
due to non-ideal device characteristics of the organic tran- 

20 sistors and requires corrective action for eadi smart pixel, 
typically at the frame frequency (exemplarily alx)ut 75 Hz). 
Exemplary of the first type of non-ideality are capacitive 
signal feed-through through the gate insulators of organic 
pixel FE'ft by short rise/fall time pulses and charge leakage 

^ due to relatively low on-off ratios of organic transistors. 
The other type of non-ideaHty is due to, typically slow, 
changes in physical characteristics (e.g., mobility, threshold 
voltage) of the organic components, and requires only 
intermiuent corrective action (e.g., when the display is 
activated, and/or at predetermined intervals that are much 
, longer than the frame period, for instance, once a day). 
In order to mitigate or overcome some or all of the 
non-idealities, a display according to the invention com- 
prises circuitry, at least part of which is typically disposed in 
the periphery of the display, that inter alia performs various 
compensatory functions. This circuitry will be referred to as 
- the "drive/compensation" circuitry. 
^ Drive/compensation circuitry for mitigating the fiist type 

^ of n on-id ealities will typically comprise additional FETs 
(i.e., FEl^ in addition to the conventional pixel FET) that act 
to mitigate or eliminate, for instance, the capacitive signal 
feed-through, charge leakage or other non-ideality of prior 
art smart pixels. The drive/compensation circuitry for miti- 
gating the second type of non-ideality will typically com- 
prise means for periodically measuring and storing appro- 
priate characteristics of each smart pixel (exemplarily the 
voltage that is required to produce a certain current through 
the LED, and/or the threshold voltage). This information 
typically is stored in an electroirtCTncmory, and the drive/ 
compensation circuitry adjusts the drive conditions of each 
pixel that deviates from target conditions, taking into 
account the traits of the individual pixels. 
Those skilled in the art will recognize that the above- 

55 described approaches to mitigation of smart pixel non- 
idealities are, inter alia, possible because the precision and 
accuracy of conventional Si-based drcuits typically are 
much greater than those of organic-based circuits. Thus, at 
least part of the drive/compensation circuitry according to 
our inventive is preferably embodied in Si technology, 
typically conventional C-MOS technology. 

Among the non-idealities of pixels with one or more 
organic components typically are 

a) variations in mobility and/or threshold voltage of the 
65 organic pixel FETs from transistor to transistor; 

b) change in mobility and/or threshold vohage with time 
in a given pixel FET; 
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c) change over time of the LED characteristics; FIG. 7 schematically shows an organic smart pixel with 

d) capacitive signal feed-through through the gate insu- relevant aspects of exemplary drive/compensation circuitry; 
lator of the organic pixel FETs by short rise/fall time FIG. 8 schematically shows relevant aspects of exemplary 
pulses; and drive/compensation dicuitry; 

e) charge leakage through the gate dielectric due to poor ^ FIG. 9 schematically shows an oiganic smart pixel with 
on-off ratio of the organic pixel FET. relevant aspects of further exemplary drive/compensation 

Of the above-cited non-idealities, non-idealities a), b) and circuitry; and 

c) typicaUy require corrective action at a frequency much piG. 10 schematically depicts relevant aspects of active 
below the frame frequency of the display, and non-ideaUties matrix display apparatus according to the invention. 

d) and e) typically reqmre oonrcctive action fior each pbcel at jhc figures are not to scale or in proportion, 
the frame frequency. The former will frequently be referred 

to as "adaptive pixel contror. DETAILED DESCRIPTION 

More specifically, the invention exemplarily is embodied ™^ - . . . • t ^« ._ . 

in display apparatus that comprises a multipl city of oomi- ^^^f " f"*' T?' ^^^5f"f 

nally identical smart pixels disposed on a fi J substrate "T^'^^t ^ 

region, and that further comprises a smart pixel-free second ^^'j;"^^' ?! ^1^^ the orgamc pixel FET PI, and 

substrate region. A given smart pixel comprises an organic ^ ^P^!^°; Sl!?^^^PP^5^°^ ''^^''^^^c to the 

light emitting diode, and pixel circuitry for providkig a f of ^e pixel FET Supply voUage V,, and LED dnve 

current through the organic Ught emitting diode^. The pLl r^^. V h t'l ^.""^""l ^^^r^^^f.u^ 

circuitryofthlgivensmartpixdcompris^atleastonepixel ^ substantmUy corre^onds to t^^ 

FET(typically, but not necessarily, an organic pixel FET) in '^Ji^-'f .^f ^^^^ ^7 ^1- Hie pixe circmtry 

series with the organic light emitting diode and disposed in f ™- ^ ^^^P^^ proximate to the given organic LED m 

the first substrate region the first substrate region. 

Significantly, the nominally identical smart pixels unin- ^ electrical characteristics (LED cuirent 
tenlionally exhibit one or more non-idealities that adversely 25 vs. supply voltage, for various gate voltages) of an excm- 
afiGect the performance of the display apparatus. The display plary prior art smart pixel as shown in FIG. 1 herein, 
apparatus further comprises drive/compensation circuitry NominaUy identical smart pixels frequendy have character- 
selected to at least mitigate said one or more non-ideaHties, quaUtativcly the same as those of FIG. 2 but 
such that the performance of said display apparatus is quantitatively therefrom. 

improved. 30 FIG. 3 shows results of a computer simulation (using 

Typically, the field effect transistor in series v/ith the conventional SPICE circuit simulation software and repre- 

organic LED is an organic FET (but could be a polycrys- sentativc device parameter values) of organic smart pixel 

talline or amorphous Si FET), and the drive/compensation behavior. The simulation substantially reproduces relevant 

circuitry typically comprises single crystal Si (exemplarily aspects of the behavior of the prior art organic smart pixel 

conventional C-MOS) circuitry. ^5 of FIG. 1 herein, and shows the dynamics of and 

By way of example, the drive/compensation circuitry is (curves 31 and 30, respectively) when a active puke 

selected such that compensating charge injection into the ^ applied to the gate of the organic FET. The simulation of 

gate terminal of the organic FET mitigates capacitive signal ^ shows significant non-idealities. Specifically, numer- 

feed-through or such that setting an inactive high value of a ^^^^^ ^ sharp dips in Yleo due to capacitive 

ROW signal and a RST signal to a value above a supply ^ feed-through, and numerals 302 and 311 refer to 

voltage mitigates charge leakage. pronounced changes with time, in, respectively, V^^, and 

By way of fiirther example, the drive/compensation cir- to charge leakage. Numeral 312 refers to a slope due 

cuitry is selected to measure and store one or more charac- ^o normal diode capacitor decay in V^. 

teristics of each smart pixel, and to make, if indicated by the Capacitive Signal Feed-Through, Charge Leakage and Low 

result of the measurements, a change in the control voltage Off-On Ratio 

such that substantially all smart pixels have substantially the ^ shows, in addition to the organic components U 

same light emission for a given signal provided to the ^* exemplary drive/compensation circuitry for a pixel, 

display apparatus. circuitry designed to compensate for the parasitic effects 

of charge injection and leakage that we have found associ- 

BRIEF DESCRIPTION OF THE DRAWINGS so ated with prior art organic smart pixels. It wiU be understood 

FIG. 1 schematically shows an exemplary prior art components that are shown in FIG. 4 need not be 

organic smart pixel including a pixel FET; co-locatcd, but typically are disposed near a given LED. 

FIG. 2 shows electrical characteristics of an exemplary ^'^^"'^ ^ controlled by organic FET PI, whose 

prior art organic smart pixel; Sate voltage V, determines the LED current. Transistor P2 

i7rr. 1 r.f «^ ♦ ^1 A u ^^^'s to via a short active-low pulse on RST. The 

ti J of on . v!!. I . ^^^"^^ ^^^^^or P4 has a W/L (width-to-length) ratio that is half of 

time of an exemplary pnor art orgamc smart pixel; .u^ xim c . ■ . iv» j " • 

171/^ >! 1. • 11 L . the W/L raUo of transistor P2, and receives an mverted 

no 4 schemaucally shows an organic smart pixel with version of the RST pulse on the RSTB control line. The 

exemplary drive/compensation circuitry adapted for at least transistor P4 and RSTB cancel the undesirable chatge 

mitigating non-idealities such as capacitive signal feed- go injected onto V, by P2's gate-to-drain overlap capacitance 

through, and charge leakage; during the sharp edges of the RST pulse. When RST 

HG. 5 shows computed data of control node voUage vs. transitions, RSTB makes a complementary transition, and a 

time of the smart pixel with drive/compensation circuitry of compensating charge of the opposite sign is injected onto 

^» by P4's gate-drain and gate-source capaciunces. The tran- 

FIGS. da and 6c schematically show measurement cir- 65 sistor P3 dischaxges control capacitor CI to a voltage 

cuitry used to determine the electrical characteristics of determinedby the width of the active-low pulse on the ROW 

FIGS. 66, 6d and 6c; line and the value of a driving currentA^oltage source on 
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COL. Transistor P5 and the control line ROWB serve to necessary for displays. For instance, the LED charging and 

perforna charge compensation for the ROW pulse in a discharging time scale is well within the typical 14 ms 

manner analogous to the compensation performed by Iran- refresh rate for a 1000x1000 pixel array, and the charging 

sistor P4 and RSTB for the RST pulse. and discharging of the control mode can be accomplished 

The off currents of P2 and P3 cause charge leakage and 5 within 14 the time typically available for a single row 

degrade the held value of V^. Exemplarily this can be operation of an array with 1000 rows. Thus, the technique 

alleviated by setting the inactive high values of the ROW according to the invention of compensating for charge 

andRSTsigaalstobesignificantly above Vrf^. Thus, if injection, leakage and other non-idealities can result in 

«40V; the inactive high values of ROW and RST exemplar- displays capable of robust operations, 

ily are about 50V, thereby ensuring that the gate-to-source lo FIGS. 6a-€ illustrate capacitive gate current feedthrough 

voltages of transistors P2 and P3 are very negative, rather in an organic FET, and mitigation of the feedthrough. 

than just zero, and consequently that the leakage currents of FIG, 6a schematically shows the measurement circuit that 

these transistors are negligible. The simple expedient of yielded the oscilloscope traces of FIG. 6b, for V^^ «0. The 

setting the inactive high values of ROW and RST to values effects of the capacitive signal fcedthiou^ are seen in the 

above Vjj effectively compensates for charge leakage, and 15 impulsive glitches in V^. FIG. 6c schematically shows the 

is considered a significant feature of the invention. measurement circuit that yielded the traces of FIG. 6d, for 

It will be appreciated that drive/compensation circuitry as V^^, Providing dummy charge injection (i.e., applying a 

shown in FIG. 4 (or an equivalent thereof) is associated with compensatory voltage to a capacitor connected to the source 

each oiganic smart pixel of a display, and provides com- of the organic FET) greatly reduces the effect of the capaci- 

pensation for iK)n-idealities every time a given pixel is 20 live signal feedthrough. FIG. 6e shows the results obtained 

addressed or reset. The circuitry optionally is implemented with the measurement circuit of FIG. 6c, but with a negative 

with organic FETs, and typically is disposed proximate to drain bias. The resulting characteristics are substantially 

the LED, in the first substrate region. ideal. 

It will also be appreciated that FIG. 4 does not show such Having discussed a preferred approach to the substantial 
conventional features as a power supply between V^^ and 25 elimination of such non-idealities as capacitive signal feed- 
ground, and the substrate teraainals of transistors P2-P5. The through and charge leakage in organic smart pixels, we will 
latter are considered to be tied to ground, as is conventional. next discuss a preferred approach to adaptive pixel control. 
The symbols used in FIG. 4 are conventional. For instance, Adaptive Pixel Control 

all p-MOS FE'ft have designations that start with "P" (PI, FIG. 7 schematically shows exemplary further drive/ 

P2, P3 . . . etc.), and the complement for a given signal has 30 compensation circuitry that provides inter alia diarge com- 

the designation of the given signal, followed by "B". For pcnsation and facilitates adaptive pixel control, as is shown 

instance, the complement of "RST" is designated "RSTB". below. 

These conventions are followed throughout the application. The circuit of FIG. 7 differs from that of FIG. 4 in that the 

FIG. 5 shows exemplary results of a SPICE simulation of former has two more FETs (P6 and P7), and in that there are 

the organic smart pixel of FIG. 4. The simulation assumed 35 two colimin lines (COL and COLE). P6 enables control of 

device characteristics as used in the simulation of the prior the discharge current in the pixel via a pulse width and pulse 

art pixel (FIG, 3), but with dummy charge compensation height variation of the COL voltage. In FIG. 4, the discharge 

(RSTB, P4, ROWB and P5 are present) and charge leakage current is varied via a voltage/current source control in 

compensation (inactive high values of ROW and RST sig- series with the column line. 

nals are at 50V although Wjj -40V) present. As can be 40 It will be appreciated that a display with adaptive pixel 

readily seen, the capacitive glitches and charge leakage are control according to the invention can run in two modes, to 

drastically reduced. Reference numerals 50 and 51, refer be designated the normal mode and the calibration mode, 

respectively, to V^ and V^^. For example, the display typically is for a short time in the 

As can be seen from FIGS. 3 and 5, control voltage V^ calibration mode whenever the display is turned on, or at 

equilibrates to its final value very quickly, typically within 45 predetermined intervals, e.g., once per day. After completion 

the lOyUS pulse width. The LED voltage V^^^ charges of the cah*bration, the drive/compensation circuitry switches 

quickly (typically within 50/is) from a low value to a high the display into the normal mode. Of course, control of 

value in a time that is well within one refresh cyde for a non-idealities, e.g., charge compensation, typically takes 

frame (exemplarily 14 ms). The decay of from a high place both in the calibration and normal mode, 

value to a lower value is slower than would be expected 50 When the display is in the normal mode, a given row of 

from the asymmetry of the LED, However, the actual pixels is activated and a gate voltage pulse is applied to all 

current, and consequently the light emitted by the LED, is a the P3 gates on the ROW line. A particular column is 

strong power law function of the voltage and decays much addressed by applying a column pulse to P6 (and a complc- 

more rapidly. Thus, in FIG. 3, although the voltage takes mentary column pulse to P7, to reduce clock feedthrough). 

several milliseconds to decay by a few volts, the current 55 The widths of the column pulse encode the display 

drops rapidly to zero, typically within 100^ of the reset of information, and the pulse heights encode stored caliT)ration 

Vtf. information for the given pixel. 

The device parameters that were used in the simulations When the display is in the calibration mode, a given row 

are: a 1000 fim/6 fim organic FET with mobility of is activated, and the current flowing into PI (at node VJ of 

0.03 cm^ A^-sec, threshold of -2, 100 nm gate dielectric, 60 a given pixel is monitored (m a way to be described below), 

overlap capacitances of 2fF///m, current of 100 /lA at 12V for Based on the thus obtained measurements for all pixels in 

a 1 mmxl mm organic LED with dielectric constant of 3, the given row, the column pulse heights for all pixels in the 

dielectric thickness of 100 nm, and a 9th-power I-V char- given row are adjusted to a desired value. ITiis process is 

aaeristic above 8V. These parameters are, we believe, carried out for all rows. The calibration is performed for a 

representative of real devk:e operation. range of column pulse widths so that the pulse heights stored 

Tlie simulations show that organic smart pixels as dis- during the calibration compensate effectively for pixel varia- 

cussed are easily capable of operation at the speeds that are tions over a range of intensities. 
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FIG, 8 schematically shows a relevant portion of exem- It will be understood that the above-described drive/ 

plary drive/compensation circuitry. It will be understood that compensation circuitry is exemplary, and that the objects of 

such circuitry typically is connected to each column of a the invention can also be attained with other circuitry, 

display according to the invention. Typically all the columns por instance, alternate circuitry is shown in FIG. 9. As can 

m a g^vcn row may be monitored and compensated by the 5 be seen, the circuitry is simUar to that of ¥IG. 7, but control 

dnve/compensation circuitry m parallel The drive/ ^ accomplished differenUy. Instead of P6 and P7 which 

SSst?aSbn ^ isdisposed m the ^^^^^^ flowing through P3. in the circuit of HG. 

In FIG. 8, conventional transmission gates (indicated by ^ flowing through P3 k direcfly controlled by a 

an x-like symbol) are used to pass or block signals, based on J^^^ of V measured in the cali- 

the control voltage on their gate terminals. For instance. ^° 1^^*^°° "^9^^ ^^^?^ ^« current drawi through P3. Thus, 

when the CAL signal is high, the display is in calibration ^^^^ of modulatmg the gate bias of P6 and P7, in the 

mode and certain pat hways in the circuitry are activated. On alternate drive/compensation circuitry the source current of 

the other hand, when CXt is high then the display is in the modulated directly. 

normal mode and alternative pathways are activated, FIG, 10 schematically depicts exemplary display appara- 
The circuitry of FIG. 8 functions as follows. Pulse gen- tus 100 according to the invention. The apparatus comprises 
erator 801 outputs column pulses onto column control line a multiplicity of row and column conductor lines, column 
802 (COL), in accordance with its pulse width (PW) and drive/compensation circuitry and row drive/compensation 
pulse hei^t (PH) control voltages. In the normal mode ( circuitry. Each intersection of the row and column lines is 
CAL high), these control voltages are obtained from image associated with a pixel, cxemplarily with circuitry as shown 
RAM 803 and pulse height RAM 804, respectively. These 20 in FIG. 7. The pixels are disposed on the first substrate 
RAMs are cycled through the various rows of the display via region, and the column and row drive/compensation cir- 
a display clock (not shown) that provides a signal on display cuitry is disposed on the pixel-free second substrate region, 
clock line 805. During calibration mode (CAL high), the By way of example, the row conductor lines comprise ROW, 
pulse width information is obtained from test vector RAM ROWB, RST and RSTB, and the column conductor lines 
806 that cycles through various pulse width values in 25 comprise COL, COLB, V^^ and Ground, 
accordance with a measurement clock (not shown) that The discussion above is primarily in terms of pixel FETs 
provides a signal on measurement clock line 807. The pulse having organic active material However, tiie invention is 
height infonnation is obtained from analog storage capacitor not thus limited, and pixel transistors with inorganic (e.g., 
808 that is updated via a feedback mechanism (to be amorphous or polycrystalline Si) active material are con- 
described below) to converge to a desired value. Column 30 lemplated. The terms "organic" and "inorganic" have their 
line 809 (V^ is routed to in normal mode, and is routed conventional meaning herein. 

to conventional sense amplifier 810 in calibration mode. The It will be noticed that the drive/compensation circuit 

sense amplifier converts the LED current (i.e., the current diagrams herein show p-channel FETs. However, this is just 

through FET PI in FIG. 4) in the pixel to a voltage. This a matter of design choice, and the invention could be 

voltage is digitized by A/D converter 811 and stored in 35 practiced with n-channel FETis or with p-channel and 

measurement vector RAM 812. This RAM stores the results n-channel FETs. 

for the measurements for the various pulse widths tiiat are The prior art knows a variety of materials tiiat can be used 

output by test vector RAM 806, and for the current value of to form an organic LED and/or a pixel FET. Among them are 

pulse height on analog storage capacitor 808. oligothiophcne, pcntaccnc, Di— R-anthradithiophene 

Furthermore, a linear or non-linear average value of the 40 wherein R is either C^H2„^i wherein m is 0 to 18 or 

measurements is computed by means of conventional digital C^Hj^iOC^a, where z+y-4 to 17, y is greater than zero, 

arithmetic circuitry and compared witii a desired average. and z is greater than 2, bis-benzodithiophene, phthalocya- 

The transconductance amplifier 814, whose bias current is nine coordination compounds, and regioregular poly(3- 

set by X (a voltage control "knob" that sets the bias current, alkyllhiophene). Among particularly preferred materials are 

and consequentiy the transconductance of the amplifier), 45 polyO)henylene vinylene) (PPV), bis(triphenyl diamine) 

then updates analog storage capacitor 808 to a pulse height (TAD), tris (8-hydroxy quinolinato) aluminum (Alq), and 

that brings the average of the measurements closer to the bis (10-hydroxybenzo quinolinato) beryllium, 

desired value. The update is done during an update phase of What is claimed is: 

the measurement clock (not shown), during which transmis- 1. Display apparatus comprising: 

S^nv^'f ®!f ^'^"^f .V^" ^"T- X^T^^^ ^ '° ^ fi^^ ^^bstrate region having a multipUcity of nominaUy 

many Iterations until the pubchei^t^ identical smart pixels; and 

value around which it osculates, and for which the desired . . 

average and the average of the measurements are sufficiently * ^^^^ pixel-free second substrate region; and 

close. wherein each smart pixel comprises: 

Hie bias cunrent of transconductance amplifier 814 and 55 a) aii organic light emitting diode; and 

the value of storage capacitor 808 determine a speed/ b) pixel circuitry for providing a current through the 

precision trade-off, i.e., how finely device parameter varia- organic light emitting diode, the pixel circuitry com- 

tions are being compensated for, and how quickly it can be prising at least one field effect transistor connected in 

done. Typically, the above-described feedback process is series with the organic light emitting diode; 

iterated a sufficient number of times to ensure convergence 60 characterized in that 

within an acceptable level of precision. c) the field effect transistors are organic transistors; and 

At the end of the convergence process the data on storage the display apparatus comprises drive/compensation 

capacitor 808 is written into pulse height RAM 804 (when circuitry that mitigates one of transistor gate capaci- 

the LD and CAL signals are active at the end of the tive signal feed-through and transistor gate leakage 

calibration) and the calibration is complete. At this point the 65 currents that produce adverse effects on said smart 

drive/compensation circuitry typically is switched to the pixels, a portion of said drive/compensation circuitry 

normal mode, and the display is ready for conventional use. being disposed in said second substrate region. 
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2. Display apparatus according to claim 1, wherein said a) an organic light emitting diode; and 
drive/compensation circuitry comprises C-MOS circuitry. b) pixel circuitry for providing a current through the 

3. Display apparatus according to claim 1, wherein said organic light emitting diode, the pixel circuitry com- 
drive/compeosation circuitry mitigates gate capacitive sig- prising at least one field effect transistor connected in 
nal feed-through in said field effect transistors. 5 scries with the organic light emitting diode; 

4. Display apparatus according to claim 3, wherein said characterized in that 

drive/compensation circuitry is selected to mitigate said c) the field effect transistors are organic transistors; and 

capacitive signal feed-through by injection of a compensat- ^ display apparatus comprises drive/compensation 

-ing charge into the gate terminal of the field effect transistor. . circuitry that mitigates adverse effects on said smart 

5. Display apparatus according to claim 1, wherein said lo P^^^ °^ "o^^ non-ideaUties inherent to the 
drive/compensation circuitry corrects one or more of pixel- transistors and/or organic hght emitting 
to-pixBl brightness variations and time-dependent pixel- diodes, a portion of said dnve/compensation cir- 
brightness variations ^^^'^ disposed in said second substrate region, 

6. Display apparatus according to claim 1, wherein said drive/compensation circuitry being configured to 
drive/compensation circuitry mitigates gate leakage currents 15 „ measure a characteristic of each smart pixel. 

in said field effect transistors. ^' ^^P^^y apparatus according to claim 10. wherem said 

7. Display apparatus according to claim 1 wherein said drive/compensation circuitry is configured to remeasure the 
drive/compensation circuitry is selected to mitigate said ?ha«ctenstic of one of the smwt pixels, at predetermined 
charge leakage by setting a pixel ROW signal to an inactive "^^"^^^ ^^"g®' * ^^"^^ P«"^ °f ^«*P^*y 
high value and a pixel reset signal to a value above a drain 20 *PP*r^s- 

supply voltage ^^P^^V apparatus accordmg to claim 10, wherem said 

8. Display apparatus -according to claim 1, wherein said drive/compensation circuitry is configured to measure the 
drive/compensation circuitry measures, at predetermined characteristic of one of the smart pixek intermittently, 
intervals that are longer than a frame period of the display , 13- Display apparatus according to claim 10, wherem the 
apparatus, one or more characteristics of each smart pixel 25 dnve/compensaUon circuitry is configured to store data on 
and sets voltages applied to gates of said field effect tran- °/ ^^f pixels m a memory m response to measur- 
sistors such that substantially aU smart pixels have substan- "^8 the charactensUc of the one of the smart pixels, 
tially the same light emission for a given signal provided to ^^^P^^^ apparatus accordmg to claun 10, wherem said 
the display apparatus drive/compensation circuitry is configured to measure the 

9. Display apparatus according to claim 8, wherein said 30 characteristic of one of the smart pixels by applying pulses 
drive/compensation circuitry mitigates the capacitive signal with different pulse heights to the one of the pixels 
feed-through by injection of a compensating charge into the ^^P^^^ apparatus of c aim 10, wherem said dnve/ 
gates and mitigates the charge leakage by setting pixel ROW f^^^^on circuitry sets voltages applied to gates of said 
signals to inactive high values and pixel reset signals to ^^^^ ^^^^ transistors m a manner that is responsive to said 
values above a drain-supply voltage. 35 "n^asurements on associated ones of said smart pixels. 

10. Display apparatus comprising: "^^P^^^ apparatus of claim 10, wherein the drive/ 

1.. ..... - .„ compensation circuitry is configured to mitigate one of 

a liKt substrate region having a moltiphcity of nomioaUy ^^^^^^ ^^^^^ ^ j feed-through aid transistor 

Identical smart pixels; atJd gate leakaie current, 
a smart pixel-free second substrate regk)n; and 

wherein each smart pixel comprises: * « « « * 



